Although most Escherichia coli strains are harmless commensals in the human gut, some strains are known to cause disease. Two groups that contain strains with the ability to cause disease are the enterotoxigenic E. coli (ETEC) and enterohemorrhagic E. coli (EHEC). ETEC strains are a frequent cause of diarrheal disease throughout the world. These organisms contain genes which carry the genetic information for the production of heat-labile (LT) enterotoxin and heatstable (ST) enterotoxin (9) . The ETEC strains that elaborate these toxins typically cause profuse, watery diarrhea and are often implicated in cases of traveler's diarrhea (5) . EHEC strains may cause hemorrhagic colitis and hemolytic uremic syndrome (13) . These organisms produce potent cytotoxins similar to Shiga toxin (8) . The clinical symptoms include bloody and copious diarrhea unaccompanied by fecal leukocytes and can be seen in afebrile patients (7) . These features distinguish it from classic dysentery due to Shigella spp. or enteroinvasive E. coli which are characterized by high fever, toxemia, and scanty stools of blood and mucus containing many fecal leukocytes. A Shiga-like toxin I and II (SLT I and SLT II) have been identified as virulence factors in EHEC organisms (8, 9) .
Both ETEC and EHEC infections have been associated with the ingestion of food or water contaminated with these organisms (4, 8, 14) . One recent outbreak, in Cabool, Mo., was directly attributed to ingestion of E. coli 0157:H7-contaminated water from the public water system (5, 15) . Swerdlow et al. (15) concluded that cities using untreated water incur a greater risk of widespread illness from contaminated drinking water. The risks of contracting ETEC and EHEC infections from contaminated recreational waters have not been clearly established (14) . However, a recent study of pathogenic E. * (714) 962-2591. coli in freshwater environments indicates that environmental waters may be an important reservoir for infectious E. coli (6) .
To better determine the health risks associated with exposure to pathogenic E. coli in the environment, the frequency at which pathogenic E. coli occurs in the environment must All water samples were collected in sterile bottles, kept on ice, and processed within 6 h. Twenty-two of the California surfzone E. coli isolates were obtained by using ColilertMarine Water media (Environetics, Branford, Conn.) as previously described (11) . The remainder of the E. coli isolates were isolated by membrane filtration. Briefly, 100 ml of marine water was filtered through a 0. (Fig. 2) . uidA4 gene. All Southern California E. coil isolates (249 of 249) were tested for the presence of the uidA gene fragment.
Three DNA extracts from non-E. coil isolates were included as negative controls. DNA samples that were used for triplex PCR were amplified for a region of the uidA4 gene to confirm that the DNA extracts did not inhibit the PCR. All (100%) of the PCR products from the Southern California E. coil extracts hybridized with the UAR-900 oligonucleotide (data not shown).
The non-E. coil isolates were all negative for the uidA4 gene. Seeding experiments. Gel electrophoresis of amplified products from the seeding experiment showed that three target fragments (346, 130, and 258 bp) were amplified from DNA extracts of a mixture of three E. coli strains containing the SLT II, SLT I, and LT genes, respectively (Fig. 3A) . Other samples contained DNA extracts from individual isolates. Southern analysis confirmed that the three E. coli strains seeded in ocean and tap water could be detected in a single amplification procedure (Fig. 3B) .
Environmental samples from tap water or ocean water containing cells of all three strains were subjected to DNA extraction and triplex PCR. All PCR products were electrophoresed in triplicate, and each replicate was detected with a single probe (Fig. 3 , lanes 1 to 4, SLT II; lanes 11 to 14, SLT I; and lanes 21 to 24, LT). Additionally, triplex PCR was performed with previously extracted DNA in a mixture of three strains as a positive control (Fig. 3, lanes 8, 18, and 28) . The triplex results on the seeded samples and DNA mixture were confirmed by using DNA from each strain as the sole template. No cross-reactivity was found between each strain by using the other probes (Fig. 3, lanes 5 were also present in low numbers in North Carolina waters that were closed for shellfish harvesting. Only one isolate was found to be positive with the SLT I primers, and none was positive with the SLT II or LT primers. Our results suggest that toxigenic E. coli occurs infrequently in coastal waters. The lack of toxigenic E. coli in environmental samples has been reported previously (17) . Our study concurs with this finding and indicates a low public health risk from toxigenic E. coli in coastal waters.
One problem encountered during the development of this assay was the appearance of a double fragment (172 and 258 bp) on LT amplifications performed on ATCC strains. Subsequent Southern analysis confirmed that the hybridization signal was not caused by contamination and that one of the amplified target bands was the expected size for the LT target fragment-258 bp. The 172-bp PCR fragment observed on the Southern blot is believed to be a secondary PCR fragment. Additionally, although not detected in extracted DNA samples, a secondary band was observed when whole cells were amplified with SLT II primers. Similar fragments were reported on by Pollard et al. (12) with the SLT II primers; however, DNA hybridization or sequencing was not performed to confirm that the unknown fragments were not SLT II related. The fact that SLT toxin production has been demonstrated in Escherichia, Shigella, Salmonella, Vibrio, and Campylobacter species (10) led Jackson et al. (7) to believe that SLT I and SLT II are members of a larger gene family. This may explain the smaller PCR product detected with the internal SLT II oligonucleotide probe from the seeded ocean water (Fig. 3B2, lane 1) . Consequently, the unidentified fragments may represent SLT or SLT-like sequences which may or may not be associated with virulence.
In conclusion, molecular technologies offer great promise in monitoring the environment for pathogenic microorganisms and the early detection of clinical disease. Classical bioassays clearly identify organisms that are phenotypically pathogenic, but bioassays are not practical for screening large numbers of isolates or for direct detection of toxigenic E. coli. Thus, they have limited use in environmental or clinical detection. This study used a triplex PCR method to rapidly screen E. coli isolated from the environment for LT, SLT I, and SLT II homologous sequences. Confirmation of the PCR findings with traditional bioassay techniques lends further credibility to the technology. The application of this procedure to water samples may prove to be a valuable tool for rapidly screening large samples for the presence of potentially pathogenic E. coli.
